Twenty-two consecutive severely symptomatic infants and small children less than 4 years of age (mean age 25.5 
S INCE September 1, 1971 we have applied a policy of primary intracardiac repair for all infants and small children severely symptomatic from the tetralogy of Fallot. Patients with absence of anatomic continuity between right ventricle and pulmonary artery (pseudotruncus arteriosus) are not included in this report. This change in patient management program from that which we had previously used' was made because of the disadvantages inherent in the two-stage approach, increased experience with intracardiac surgery in infants, and the excellent results being obtained with this policy by Barratt-Boyes.2 This paper presents our experiences during the first 17 months of this program.
Material and Methods A total of 30 severely symptomatic infants and children less than four years of age with tetralogy of Fallot were seen consecutively at the University of Alabama Hospital from September 1, 1971 to January 31, 1973. Surgery was advised in all cases. Nine patients had previously-constructed, poorly or nonfunctioning systemic-pulmonary arterial shunts and underwent total correction with eight surviving the period of hospitalization. One previously untreated patient, 24 months of age, received a right subclavianpulmonary artery anastomosis because he had a thrombosed inferior vena cava and was considered an unacceptable candidate for complete repair. Twentyone patients underwent primary complete intracardiac correction of tetralogy of Fallot and are the subject of this review. These 21 patients represent an unselected consecutive series of patients whose ages ranged from 3Y2 to 48 months, having a mean age of 25.5 months. During this period other infants with tetralogy of Fallot and mild or no symptoms were seen and are being followed.
A technique of profound hypothermia with total circulatory arrest was used during operation in nine patients.3 Each patient was initially cooled to a nasopharyngeal temperature of about 300C, using ice bags applied to the body after induction of anesthesia. A median stemotomy was made and cardiopulmonary bypass with a bubble oxygenator (Bentley Laboratories) used to further reduce body temperature. A threeminute period of hypercarbia (10% C02) was employed when the nasopharyngeal temperature was below 250 C to augment cerebral blood flow and appropriately shift the oxyhemoglobin dissociation curve. Total circulatory arrest was established when nasopharyngeal temperature reached 200 C. The patent foramen ovale was closed through a right atriotomy. Relief of infundibular and valvular stenosis and closure of the ventricular septal defect was accomplished through a transverse right ventriculotomy.' Cardiopulmonary bypass was reestablished, and rewarming begun. When the temperature reached 300 C, bypass was transiently discontinued to allow measurement of right ventricular/left ventricular (RV/LV) systolic pressure ratios. If these were satisfactory, cardiopulmonary bypass was reestablished and rewarming continued until the temperature reached 350 C. Just before closing the sternotomy incision, RV/ LV systolic pressure ratios were remeasured and these are the ones presented in this paper.
Cardiopulmonary bypass with profound cardiac cooling was used in 12 patients.4 Cooling proceeded as described above, but two venous cannulae were used. Body temperature was reduced to 22°-24°C, and during this cooling period, the foramen ovale was closed, and a left atrial or ventricular vent inserted. When the desired temperature was reached, flow was reduced to 0.5 L/min/m2 for 10 to 30 min, and then was increased to 1.6 until rewarming was started. The aorta was crossclamped for about 40 min, while the intraventricular repair was accomplished.
Postoperatively, all patients except one were managed for at least 24 hr by the technique of spontaneous breathing with a continuous positive airway pressure system.5 One patient, the child who died from pulmonary edema with low left atrial pressure, was ventilated with a volume respirator. Each patient was attached to an automated care system, and left and right atrial and arterial pressure, electrocardiogram and rectal temperature continuously monitored. The measurement of cardiac output was made in nine patients from indicator dilution curves with injection of indocyanine green dye into right atrium and sampling from radial artery.
Results
The age and weight distribution of the 21 patients and the hospital mortality is shown in table 1. The youngest patient was 32 months and the oldest 48 months of age. Twelve patients were less than two years of age and the single death occurred in a 24-month-old girl. She succumbed on the first postoperative day from hemorrhagic pulmonary edema in the presence of low left atrial pressure. There have been no late deaths and no instances of permanent heart block. Figure 1 shows the distribution of the two techniques of perfusion, according to patient age. Early in this experience, the technique of surface cooling and limited cardiopulmonary bypass with profound hypothermia and total circulatory arrest was used narrow as to require enlargement with an outflow patch. The pulmonary stenosis is relieved by the usual techniques.' The ventricular septal defect is repaired by suturing in a patch with a continuous 5-0 or 4-0 prolene suture swedged on a special small needle, taking care to avoid the area believed to contain the bundle of His.' The surgical technique inside these small hearts must be absolutely precise, and we sometimes use optical magnification as an aid. At present, after closing the ventriculotomy the patient is rewarmed by the perfusion until the temperature (in the nasopharynx) is 300, C. Cardiopulmonary bypass is then temporarily discontinued and pressures measured and the bypass reestablished for rewarming to 370 C. If the RV/LV systolic pressure is more than about 0.75, an outflow patch is placed across the pulmonary valve ring while rewarming proceeds.
Profound hypothermia, limited cardiopulmonary bypass, and total circulatory arrest (the KyotoBarratt-Boyes technique) was used in some of the infants and small children in this series. We now usually prefer initial surface cooling to 300 C, and cardiopulmonary bypass with two venous cannulae for cooling to 220-241C.4 The foramen ovale can be closed and a small left atrial vent inserted during cooling. The intraventricular repair is performed during total circulatory arrest or during cardiopulmonary bypass at a low perfusion flow rate (0.5 to 1.6 L/min/m2 ). The aorta is crossclamped one time, usually for about 40 minutes. The ventriculotomy is closed during rewarming.
The postoperative care includes measurement of cardiac index, left and right atrial and arterial pressures, mixed venous oxygen tension, and calculation of oxygen consumption. Currently, a nasotracheal tube is left in place, and the infant's respirations are controlled with a ventilator until he is active and his hemodynamic state is good. Then he breathes spontaneously with continuous positive airway pressure. We usually extubate these children 24 to 48 hours postoperatively.
